Introduction
Growth factors are known to accelerate wound healing by regulating various cell functions such as proliferation, differentiation, migration, morphogenesis and apoptosis [1] [2] . Currently, several growth factor products are commercially available. Prior to clinical use, these products must be dissolved in the accompanying solution, preserved in a refrigerator and used within a specific time period. When aqueous solutions containing the growth factor are sprayed onto a wound site, a top dressing needs to be placed on the wound as a covering material. In addition, growth factor needs to be applied daily, as free growth factor has a short half-life at the wound site.
In order to overcome these disadvantages, we have developed a novel wound dressing composed of HA and Col containing EGF (EGF-wound dressing) [3] - [7] . EGF-wound dressing was designed to contain 1.0 μg EGF per 1 cm 2 of spongy sheet based on the results in a culture system [4] . We previously reported that EGF-wound dressing stimulated fibroblasts to produce increased amounts of vascular endothelial growth factor (VEGF) and hepatocyte growth factor (HGF) that were essential for angiogenesis. In practice, cytokine production of fibroblasts was assessed in a wound surface model using a fibroblast-incorporating Col gel sheet (cultured dermal substitute; CDS). CDS was elevated to the air-medium interface, on which a wound dressing was placed and cultured for 7 days. Fibroblasts in CDS covered with EGF-wound dressing released 3.6 times more VEGF and 4.6 times more HGF when compared with the wound dressing without EGF [6] . These findings are useful to support the clinical study. Animal experiments using Sprague-Dawley rats and diabetic mice demonstrated that EGF-wound dressing promoted successful wound healing associated with enhanced epithelialization and wellvascularized granulation tissue formation. In this preliminary clinical study, we evaluated the efficacy and safety of EGF-wound dressing in the treatment of various skin defects.
Materials and Methods

Preparation of EGF-Wound Dressing
The preparation procedure for EGF-wound dressing was as described in our previous article [5] and is briefly mentioned here. EGF-wound dressing was prepared by freeze-drying a mixed aqueous solution of high-molecular-weight HA, low-molecular-weight HA and heat-denatured Col containing EGF. Both sides of the spongy sheet were exposed to UV irradiation to induce cross-linkage between Col molecules, followed by sterilization at 110˚C for 1 h. The resulting spongy sheet is about 5 mm in thickness, containing EGF at a concentration of 1 μg per 1 cm 2 of spongy sheet.
Overview of Clinical Trial
The protocol for this study and any amendments were reviewed and approved by Kitasato University Hospital Ethics Committee in April 2011 (C10-656). This study was conducted in accordance with the Declaration of Helsinki, and the ethical guidelines for clinical studies of the Ministry of Health, Labour and Welfare of Japan, and was registered with the University Hospital Medical Information Network (UMIN0000005264). This study was conducted at Kitasato University Hospital and JA Kanagawa Sagamihara Kyodo Hospital. All participants provided written, informed consent before any study-specific procedures were undertaken. Inclusion criteria were: 1) patients aged 16 years or older at the time of providing informed consent; 2) patients with intractable skin ulcers not healing with conventional treatments for more than one month; 3) patients with burn injuries, donor-site wounds or traumatic skin defects; and 4) patients providing written informed consent. Exclusion criteria were: 1) history of allergy to drugs or dressings to be used in the trial; 2) past history of any malignant tumor at the wound site; and 3) judged by the investigator or sub-investigator to be inappropriate as a subject of this study. There are no potential conflicts of interest to disclose.
Application of EGF-Wound Dressing
Wound surfaces were debrided as necessary and rinsed with physiological saline solution. EGF-wound dressings, cut according to the shape of the wound, were then applied to the wound site, on which a commercially available polyurethane film dressing was used as a top dressing. In the case of wounds associated with excess amounts of exudate, conventional ointment-gauze dressing was used as a top dressing. EGF-wound dressings were applied repeatedly at intervals of three to five days for a period of six weeks, or longer if necessary.
Wound Assessments
Every time the dressings were changed, the size of the wound was measured and digital images of the wounds were taken with a ruler placed on the skin adjacent to the wounds using a digital camera for macroscopic assessment.
Primary endpoints were effectiveness, safety and overall clinical evaluation, as scored by authorized plastic surgeons. Formation of granulation tissue, extent of epithelialization, control of infection and management of exudate were evaluated according to the protocol. Table 1 shows the effectiveness score (total 0 -100 pts). Table 2 shows the safety evaluation. Table 3 shows the overall clinical evaluation. Based on the scores, wound conditions were evaluated for safety as very safe, mostly safe, problematically safe or not safe, and for clinical evaluation as excellent, good, fair or poor. Patient satisfaction was evaluated as a secondary endpoint. At the end of each clinical trial, patients themselves scored their satisfaction for the treatment with a 10 cm visual analogue scale (VAS): a score of 0 indicated the greatest dissatisfaction, and a 10 indicated the greatest satisfaction.
Results
Outcome of Clinical Study
For the present 16 clinical cases (male 7, female 9), mean age was 59 ± 20 years (mean ± SD). Table 4 shows the indications and outcomes of the clinical study. Lower limb lesions were seen in 90% of all cases. For outcome, 93.7% (15/16) of various wounds were evaluated as achieving good or excellent results, including 100% (3/3) of DB and DDB, 100% (2/2) of partial-thickness donor wounds, 100% (2/2) of traumatic skin defects, 88.9% (8/9) of intractable skin ulcers. For safety, 87.5% (14/16) were evaluated as very safe without any problems, and 12.5% (2/16) showed mostly safe with minor problems that could be treated immediately. Two patients exhibited light contact dermatitis, but were able to continue with the investigation after appropriate treatment. No patient suffered from infections.
Before application of EGF-wound dressing, patient satisfaction scores for efficacy of wound healing and relief from pain were 4.7 ± 2.3 and 4.8 ± 3.1, respectively. After application, patient satisfaction scores for efficacy and relief from pain were 8.6 ± 2.0 and 8.4 ± 2.0, respectively. The mean score for total patient satisfaction was 8.6 ± 2.1 (mean ± SD) ( Table 5) .
Representative Cases
Case 1: A 64-year-old-woman with chronic renal failure developed a skin ulcer on the left leg. One month after receiving ointment therapy, the wound appeared as a hollowed ulcer with 3 × 1.8 cm in size (Figure 1(a) ). After application of EGF-wound dressings twice a week on an outpatient basis, good granulation tissue formed and epithelialization was observed from the edge of the wound after 2 weeks (Figure 1(b) ). Wound size was significantly smaller at 1 month (Figure 1(c) ), and wound closure was achieved in 2 months (Figure 1(d) ). Figure 1 . A 64-year-old-woman with chronic renal failure developed a skin ulcer on the left leg. One month after receiving ointment therapy, the wound appeared as a hollowed ulcer with 3 × 1.8 cm in size (a). After application of EGF-wound dressings twice a week on an outpatient basis, good granulation tissue formed and epithelialization was observed from the edge of the wound after 2 weeks (b). Wound size was significantly smaller at 4 weeks (c), and wound closure was achieved at 2 months (d). Effectiveness: 100, Safety: A, overall evaluation: excellent.
Case 2: A 65-year-old woman with severe heart failure developed a skin ulcer on the right knee (5.3 × 4.8 cm). After recovering from heart surgery, the wound was debrided (Figure 2(a) ) and EGF-wound dressings were applied twice a week (Figure 2(b) ). Wound condition improved significantly and good granulation tissue and well epithelialization was observed at 2 months (Figure 2(c) ). Full-thickness auto-skin graft was performed at this time. Unpleasant contraction was not observed at 2 months after surgery (Figure 2(d) ).
Case 3: A 60-year-old man developed a skin ulcer on the left ankle. Although he had received conventional therapy for 2 months, the wound was in poor condition with excessive exudate (3.5 × 1.7 cm) (Figure 3(a) ). EGF dressing was applied to the site every twice a week (Figure 3(b) ). The wound conditions improved at an early stage and epithelialization from the outer margins was observed (2.0 × 0.7cm) at 2 weeks (Figure 3(c) ). Wound closure was achieved at 1 month (Figure 3(d) ).
Case 4: A 27-year-old man sustained a burn ulcer on the right foot. While he had received ointment therapy for 3 weeks, the wound condition did not improve (2.8 × 1.5 cm) (Figure 4(a) ). After application of EGF dressing on the wound site, the wound condition improved and wound size was reduced significantly in 1 week (Figure 4(b) ). Simple closure by suturing was performed at 2 weeks after application of EGF dressing (Figure  4(c) ). Unpleasant contraction was not observed through monitoring the wound up to 1 month (Figure 4(d) ).
Case 5: A 74-year-old woman who was complicated by rheumatoid arthritis and deep venous thrombosis, developed a traumatic ulcer on the left knee. After conventional therapy for 1 month, she still had an ulcer due to a poor condition of her underlying disease (11 × 3.5cm) (Figure 5(a) ). EGF dressing was applied to the wound site every twice a week (Figure 5(b) ). Wound size decreased significantly with good granulation tissue and epithelialization at 6 weeks (6.6 × 1.8 cm) (Figure 5(c) ) and 3 months (3.1 × 0.9 cm) ( Figure 5(d) ).
Discussion
We developed a wound dressing composed of HA and Col spongy sheet containing EGF i.e., EGF-wound dressing. HA is an excellent biomaterial for wound healing because of its unique hygroscopic, rheological and viscoelastic properties [8] [9] . High-molecular-weight HA creates an excellent wound healing environment, while low-molecular-weight HA induces angiogenesis [10] - [12] . Col and Col-derived peptides act as a chemoattractant for fibroblasts in vitro and may have a similar activity in vivo [13] . We previously reported the efficacy Figure 2 . A 65-year-old woman with severe heart failure developed a skin ulcer on the right knee (5.3 × 4.8 cm). After recovering from heart surgery, the wound was debrided (a) and EGF-wound dressings were applied twice a week (b). Wound condition improved significantly and good granulation tissue and well epithelialization was observed. Full-thickness auto-skin graft was performed at 8 weeks (c). Unpleasant contraction was not observed at 2 months after surgery (d). Effectiveness: 88, Safety: A, overall evaluation: excellent. A 27-year-old man sustained a burn ulcer on the right foot. While he had received ointment therapy for 3 weeks, the wound condition did not improve (2.8 × 1.5 cm) (a). After application of EGF dressing on the wound site, the wound condition improved and wound size was reduced significantly in one week (b). Simple closure by suturing was performed at 2 weeks after application of EGF dressing (c). Unpleasant contraction was not observed through monitoring the wound up to 1 month (d). Effectiveness: 91, Safety: A, overall evaluation: excellent. Figure 5 . A 74-year-old woman who was complicated by rheumatoid arthritis and deep venous thrombosis, developed a traumatic ulcer on the left knee. After 1 month conventional therapy, she still had an ulcer due to a poor condition of her underlying disease (11 × 3.5 cm) (a). EGF dressing was applied to the wound site every twice a week (b). Wound size decreased significantly with good granulation tissue and epithelialization at 6 weeks (6.6 × 1.8 cm) (c) and at 3 months (3.1 × 0.9 cm) (d). Effectiveness: 88, Safety: A, overall evaluation: excellent.
of EGF-wound dressing for the production of angiogenic growth factor in culture systems [4] [6] and for the enhancement of granulation tissue formation associated with epithelialization in animal tests using rats and diabetic mice [3] [5] . Based on our previous studies, highly hydrated HA molecules apparently allow EGF released from the wound dressing to remain stable for enough time to initiate cell proliferation and cytokine production in vitro. Based on animal studies, we suspect that re-epithelialization is facilitated by the direct action of EGF released from wound dressing and that angiogenesis is facilitated indirectly by increased VEGF and HGF production by fibroblasts in the granulation tissue. These actions need to be confirmed in a clinical study.
Most clinical cases were assessed as having achieved good or excellent results without critical problems. These data suggest that EGF-wound dressing can provide safe and effective therapy for patients with various types of problematic wound, such as burns, chronic ulcers and traumatic skin defects. From the viewpoint of patient satisfaction, scores for efficacy and relief from pain rose significantly, when compared with the state before using EGF-wound dressing. After application of EGF-wound dressing, most patients were likely to feel better and more satisfied with this treatment.
In all clinical cases, EGF-wound dressing was applied repeatedly at intervals of three to five days for a period of six weeks, or longer if necessary. In the case of commercially available growth factor products, aqueous solutions of growth factor need to be sprayed on a wound site daily, because of their rapid inactivation after topical administration. In addition, the top dressing must be changed daily. However, the present EGF-wound dressing can overcome the disadvantages associated with commercially available growth factor products.
